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BACKGROUND OF THE INVENTION 

Field of the Invention 

This invention relates generally to direct oxidation fuel cells, and more particu- 
larly, to components for storing and transporting the liquid fuel and reactants for use in 
such fuel cells. 

Background Information 

Fuel cells are devices in which an electrochemical reaction is used to generate 
electricity. A variety of materials may be suited for use as a fuel depending upon the 
materials chosen for the components of the cell. Organic materials, such as methanol or 
natural gas, are attractive choices for fuel due to the their high specific energy. 

Fuel cell systems may be divided into "reformer-based" systems (i.e., those in 
which the fuel is processed in some fashion to extract hydrogen from the fuel before it is 
introduced into the fuel cell system) or "direct oxidation" systems in which the fuel is fed 
directly into the cell without the need for separate internal or external processing. Most 
currently available fuel ceils are reformer-based fuel cell systems. However, because 
fuel-processing is expensive and requires significant volume, reformer based systems are 
presently limited to comparatively high power applications. 

Direct oxidation fuel cell systems may be better suited for a number of applica- 
tions in smaller mobile devices (e.g., mobile phones, handheld and laptop computers), as 
well as in some larger applications. Typically, in direct oxidation fuel cells, a carbona- 
ceous liquid fuel in an aqueous solution (typically aqueous methanol) is applied to the 
anode face of a membrane electrode assembly (MEA). The MEA contains a protonically 
conductive, electronically non-conductive membrane (PCM). Typically, a catalyst which 
enables direct oxidation of the fuel on the anode is disposed on the surface of the PCM 
(or is otherwise present in the anode chamber of the fuel cell). Protons (from hydrogen 
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found in the fuel and water molecules involved in the anodic reaction) are separated from 
the electrons. The protons migrate through the PCM, which is impermeable to the elec- 
trons. The electrons thus seek a different path to reunite with the protons and oxygen 
molecules involved in the cathodic reaction and travel through a load, providing electrical 
power. 

One example of a direct oxidation fuel cell system is a direct methanol fuel cell 
system or DMFC system. In a DMFC system, methanol, typically in an aqueous solu- 
tion is used as fuel (the "fuel mixture"), and oxygen, preferably from ambient air, is used 
as the oxidizing agent. There are two fundamental reactions that occur in a DMFC which 
allow a DMFC system to provide electricity to power consuming devices: the anodic dis- 
association of the methanol and water fuel mixture into CO2, protons, and electrons; and 
the cathodic combination of protons, electrons and oxygen into water. The overall reac- 
tion may be limited by the failure of either of these reactions to proceed to completion at 
an acceptable rate (more specifically, failure to oxidize the fuel mixture will limit the ca- 
thodic generation of water, and vice versa). 

Fuel cells and fuel cell systems have been the subject of intensified recent devel- 
opment because of their ability to efficiently convert the energy in carbonaceous fuels 
into electric power while emitting comparatively low levels of environmentally harmful 
substances. The adaptation of fuel cell systems to mobile uses, however, is not straight- 
forward because of the technical difficulties associated with reforming most carbona- 
ceous fuels in a simple, cost effective manner, and within acceptable form factors and 
volume limits. Further, a safe and efficient storage means for substantially pure hydro- 
gen (which is a gas under the relevant operating conditions), presents a challenge because 
hydrogen gas must be stored at high pressure and at cryogenic temperatures or in heavy 
absorption matrices in order to achieve useful energy densities. It has been found, how- 
ever, that a compact means for storing hydrogen is in a hydrogen rich compound with 
relatively weak chemical bonds, such as methanol or an aqueous methanol solution (and 
to a lesser extent, ethanol, propane, butane and other carbonaceous liquids or aqueous 
solutions thereof). 
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In particular, DMFCs are being commercially developed for use in portable elec- 
tronic devices. Thus, the DMFC system, including the fuel cell, and the components may 
be fabricated using materials that not only optimize the electricity-generating reactions, 
but which are also cost effective. Furthermore, the manufacturing process associated 
with those materials should not be prohibitive in terms of labor intensity cost. 

As noted, typical DMFC systems include a fuel source, fluid and effluent man- 
agement systems, and a direct methanol fuel cell ("fuel cell"). The fuel cell typically 
consists of a housing, and a membrane electrode assembly ("MEA") disposed within the 
housing. A typical MEA includes a centrally disposed protonically conductive, elec- 
tronically non-conductive membrane ("PCM"). One example of a commercially avail- 
able PCM is Nafion ® a registered trademark of E.L Dupont de Nemours and Company, 
a cation exchange membrane based on perflouorocarbon polymers with side chain ter- 
mini of perflourosulfonic acid groups, in a variety of thicknesses and equivalent weight. 
The PCM is typically coated on each face with an electrocatalyst such as platinum, or 
platinum/ruthenium mixtures or alloy particles. On either face of the catalyst coated 
PCM, the electrode assembly typically includes a diffusion layer. The diffusion layer 
functions to evenly distribute the liquid fuel mixture across the anode in the case of the 
fuel, or the gaseous oxygen from air or other source across the cathode face of the PCM. 
In addition, flow field plates are often placed on the surface of the diffusion layers which 
are not in contact with the coated PCM. The flow field plates function to provide mass 
transport of the reactants and by products of the electrochemical reactions, and they also 
have a current collection functionality in that the flow field plates act to collect and con- 
duct electrons through the load. 

Many direct methanol fuel cell systems employ an active management scheme to 
manage the reactants and byproducts in the fuel cell, including pumping or otherwise 
causing the fuel mixture to be transported to the anodic face of the PCM. In addition, 
there may be an actively managed system which removes anodically evolved carbon di- 
oxide from the anode face of the PCM, or which induces air to the cathode face of the 
PCM. To increase the utility and effectiveness of DMFC systems, there may be a need 
for a variety of types of diffusion layers and flow field plates. In some cases, a hydro- 
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phobic (or partially hydrophobic) diffusion layer is a useful component to assist in the 
control of reactants or byproducts. 

Some of these active transport mechanisms however can be costly, both in terms 
of the components required and the complexity introduced into the manufacturing of such 
mechanisms. This reduces the feasibility for these items to be produced on a commercial 
scale. In addition, adding additional components, such as pumps and other active trans- 
port devices, can increase parasitic power losses in an already small device. Such com- 
ponents further add volume to a system that must meet demanding form factors. 

It is also noted that, when fuel from a fuel source or reservoir builds up on the an- 
ode side of the MEA, any extra fuel not consumed in the reaction that may pass from the 
anode aspect of the MEA to the cathode aspect of the MEA through the membrane and be 
lost to that reaction. One method of preventing this reaction is to circulate fuel through 
the anode chamber, but this requires the use of active transport components. On the 
cathode side, the cathode diffusion layer can become saturated by water (a byproduct of 
the cathode half reaction), that has passed through the membrane, as well as water that is 
generated by the cathodic oxidation of the methanol that has crossed over the membrane. 
Thus, water builds up in the cathode chamber of the fuel cell. The cathode diffusion 
layer can thus become flooded, in which case the cathode half reaction is compromised, 
or even halted. In either case, whether it is fuel loss on the anode side or cathode flood- 
ing, the half reactions at either the anode or the cathode can correspondingly be compro- 
mised or even prevented, thus reducing the efficiency of the fuel cell. 

Typically, the risk of cathode flooding has been mitigated by encouraging ca- 
thodic airflow across the cathode diffusion layer to remove water from the cathode layer. 
This, however, increases the cost and complexity of the fuel cell system, thus adding to 
the expense of manufacture, as well as introducing the above-mentioned parasitic losses. 
There have been attempts to reduce the risk of cathode flooding by providing active dry- 
ing of water from the cathode chamber, but this can increase the cost and complexity of 
the fuel cell, adding to the expense of manufacture, as well as introducing additional pos- 
sibility of parasitic losses. 
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There remains a need, therefore, for a fuel delivery cartridge, direct methanol fuel 
cell, and a direct methanol fuel cell system that provides optimal fuel delivery properties 
by which fuel can be delivered to the active anode chamber as it is consumed, thereby 
minimizing the amount of additional fuel that is introduced, and limiting the amount of 
fuel that crosses over the membrane. There remains a further need to provide a cathode 
chamber in the fuel cell that resists water build up, while allowing oxygen to come into 
contact with the cathode face of the membrane. 

It is thus an object of the invention to provide a fuel cell and fuel cartridge that 
provides fuel to the anode as it is consumed and reduces the risk of cathode flooding, 
while keeping the cost and complexity of the fuel cell to a minimum. 

SUMMARY OF THE INVENTION 

The present invention is an improved fuel delivery cartridge and anode for a fuel 
cell, which includes a component that delivers fuel from the fuel cartridge by connecting 
with a corresponding component in the anode chamber of the fuel cell. Liquid fuel is 
drawn into the anode area via an action in which fuel is drawn through the anode recep- 
tor, on an "as needed" basis, as it is consumed. Carbon dioxide, which is produced in the 
anodic reaction, is also removed because the anodic receptor component is gas perme- 
able. Electrons released from the reaction are collected by a wire mesh that, in one em- 
bodiment, lies between the anodic receptor component and the membrane electron as- 
sembly. 

More specifically, the fuel cell cartridge contains a fuel delivery component that 
is comprised substantially of a material that possesses properties that allow fuel to be 
transported towards the MEA as needed, as fuel is consumed. While not limiting the 
scope of the invention, the material may include a foam substance, such as an expanded 
polymer, or other traditional foam, or it may be a conductive material to which a process 
or second material is applied which creates an electronically conductive, porous, high 
capillarity material, such as a felted metal. 
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A similar insert is disposed in the anode chamber of the fuel cell. This anodic 
fuel receptor may be a hydrophilic material that absorbs, or draws fuel in, the anode 
chamber as fuel is consumed by the system. The fuel delivery component holds fluid, and 
may be substantially saturated with a fluid that is, in an exemplary case, methanol having 
concentration of up to 100%, but which may be lower. When the fuel delivery compo- 
nent (in the fuel cartridge) is placed in contact with the anodic fuel receptor in the anode 
chamber, fuel is delivered to the fuel cell across a volume gradient. This starts a wicking 
action by which liquid fuel solution is drawn into the anode as it is consumed by the cell. 

The anodic fuel receptor is also preferably a material that is permeable to gases. 
Consequently, the carbon dioxide generated in the anodic reaction is thus transported 
away from the anode face of the membrane electrode assembly by the anodic fuel recep- 
tor material. This also furthers the replacement of fuel into the anode chamber as fuel is 
consumed. It is desirable, in accordance with the invention, to vent the carbon dioxide 
out of the anode chamber, while avoiding oxygen entering the chamber from the envi- 
ronment, as discussed in further detail herein. 

In accordance with another aspect of the invention, a wire mesh backing is ap- 
plied to the anodic fuel receptor component, on the side contiguous to the anode face of 
the PCM. This provides a path for electrons from the anode to the applied load. In addi- 
tion, the foam material of the anodic fuel receptor, may itself be conductive to further 
conduct the flow of electrons. 

When it is desired to power the device down, flow of fuel can be interrupted when 
the flow path between the fuel delivery cartridge and the fuel cell is blocked by a me- 
chanical mechanism, or by the response of a smart material such as nitinol. Alterna- 
tively, the fuel delivery cartridge may be physically separated from the fuel cell. 

The cathode chamber of the fuel cell may also include a foam-based component 
to draw water away from the PCM, while permitting oxygen to come into contact with 
the cathode face for the cathode half reaction. This cathode component may also be con- 
ductive to allow better conduction of electrons from the cathode mesh to the MEA. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The invention description below refers to the accompanying drawings, of which: 

Fig. 1 is a block diagram of a direct oxidation fuel cell system with which the fuel 
cartridge and fuel cell of the present invention may be employed; 

Fig. 2 is a schematic cross section of a fuel cell and fuel cell cartridge illustrating 
the fuel delivery component of the present invention in the fuel cartridge and the anodic 
receptor in the cell, in accordance with one aspect of the present invention; 

Fig. 3 is the device of Fig. 2 showing the separation between the fuel delivery 
cartridge and the fuel cell to interrupt the flow of fuel in accordance with the present in- 
vention; 

Fig. 4A is schematic illustration of the fuel flow path as formed by the connection 
of the fuel delivery component and the anode fuel receptor with the SMA strips disposed 
adjacent to the fuel path; 

Fig. 4B is the device of Fig. 4A with the SMA strips deformed to break the con- 
nection between the anode fuel receptor and the fuel delivery cartridge of the present in- 
vention; 

Fig. 5 A is a schematic illustration of one embodiment of the fuel delivery car- 
tridge that includes a duck bill mechanism in accordance with the invention; 

Fig. 5B is a the device of Fig 5 A with the anode chamber inserted into the duck 
bill mechanism of the fuel delivery cartridge of the present invention; 

Fig. 6 is a schematic isometric illustration of the fuel delivery component of the 
present invention covered with Kapton tape prior to use; 

Fig. 7 is the fuel cell and fuel cell cartridge of Fig. 3 also illustrating a component 
in the cathode chamber; 

Fig. 8 is an embodiment of the system of the present invention in which a plural- 
ity of fuel cells are electrically connected as a bipolar stack; and 

Fig. 9 is the another embodiment of the system of the present invention that is en- 
closed as a unit and is refillable with fuel from an external source. 
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DETAILED DESCRIPTION OF AN ILLUSTRATIVE 
EMBODIMENT 

For a better understanding of the invention, the components of a direct oxidation 
fuel cell system, a direct oxidation fuel cell and the basic operation of a DMFC fuel cell 
system, known to those skilled in the art will be briefly described. A direct oxidation fuel 
cell system 2 is illustrated in Fig. 1 . The fuel cell system 2 includes a direct oxidation 
fuel cell, which may be a direct methanol fuel cell 3 ("DMFC"), for example. For pur- 
poses of illustration we herein describe an illustrative embodiment of the invention with 
DMFC 3, with the fuel substance being methanol or an aqueous methanol solution. It 
should be understood, however, that it is within the scope of the present invention that 
other fuels may be used in an appropriate fuel cell. Thus, as used herein, the word "fuel" 
shall include methanol and ethanol or combinations thereof and aqueous solutions 
thereof, and other carbonaceous fuels amenable to use in direct oxidation fuel cell sys- 
tems. 

The system 2, including the DMFC 3, has a fuel delivery system to deliver fuel 
which is constructed in accordance with the present invention, and which will be de- 
scribed in further detail with reference to the remaining drawings. 

The DMFC 3 includes a housing 5 that encloses a membrane electrode assembly 
6 (MEA). MEA 6 incorporates protonically conductive, electronically non-conductive 
membrane 7. PCM 7 has an anode face 8 and cathode face 1 0, each of which may be 
coated with a catalyst, including but not limited to platinum or a blend of platinum and 
ruthenium. The portion of DMFC 3 defined by the housing 5 and the anode face of the 
PCM is referred to herein as the anode chamber 18. The portion of DMFC 3 defined by 
the housing and the cathode face of the PCM on the cathode side is referred to herein as 
the cathode chamber 20. Additional elements of the direct methanol fuel cell system 
such as flow field plates, and diffusion layers (not shown in Figure 1) to manage reactants 
and products may be included within anode chamber 18 and cathode chamber 20. 
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As will be understood by those skilled in the art, electricity generating reactions 
occur when a fuel substance is introduced to the anode face of the PCM 8, and oxygen, 
usually in the form of ambient air, is introduced to the cathode face of the PCM 10. 

Catalysts on the membrane surface (or which are otherwise present on the mem- 
brane surface) enable the direct oxidation of the carbonaceous fuel on the anode face of 
the PCM 8 separating hydrogen protons and electrons from the fuel and water molecules 
of the fuel mixture. Upon the closing of a circuit, the protons pass through PCM 7, which 
is impermeable to the electrons. The electrons thus seek a different path to reunite with 
the protons, and travel through a load 21 of an external circuit, thus providing electrical 
power to the load. So long as the reactions continue, a current is maintained through the 
external circuit. Direct oxidation fuel cells produce water (H 2 O) and carbon dioxide 
(CO 2 ), as products of the reaction. 

Fig. 2 illustrates a fuel cartridge and fuel cell assembly in accordance with one 
aspect of the present invention. More specifically, a fuel cell 3 includes the membrane 
electrode assembly 6 (sometimes referred to herein as MEA) which in turn includes a 
centrally disposed, protonically-conductive membrane (PCM) 7 (visible in Fig. 1), which 
is impermeable to electrons, an anode diffusion layer 40 and cathode diffusion layer 42. 
The PCM 7 is composed of a suitable material, such as Nafion ®, described above. The 
catalyzed anode face 8 of the PCM is in intimate contact with an anode diffusion layer 40 
which is electrically conductive, and which may be treated to impart some level of hy- 
drophobicity or hydrophilicity to it. As is understood by those skilled in the art, the dif- 
fusion layer may consist of a plurality of pieces of carbon paper or a piece of carbon cloth 
that have been treated with polytetrafluorethylene (PTFE) and high surface carbon parti- 
cles. 

In accordance with the invention, the fuel cell 3 also contains an anodic fuel re- 
ceptor 46. The fuel receptor 46 is comprised substantially of a material that possesses 
properties that allow fuel to be transported towards the MEA as needed, as it is con- 
sumed. While not limiting to the invention, the material may be a substantially hydro- 
philic methanol resistant material, such as a foam, which draws liquid fuel into the anode 
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chamber 18. In accordance with one aspect of the invention, the material may be polyu- 
rethane or a metallized polyurethane foam or other foam substance, such as an expand- 
able polymer, other traditional foam, or it may be a conductive material to which a proc- 
ess or second material is applied which creates an electronically conductive, porous, high 

5 capillarity material, such as a felted metal. The materials selected will be chosen to en- 
courage the efficient transfer of fuel from the fuel delivery component 50 to the anodic 
fuel receptor. For example, and not by way of limitation, said materials selected for the 
anodic fuel receptor may be of higher capillarity than the fuel cartridge component mate- 
rial, discussed in detail hereinafter, in order to encourage flow into the anode chamber 

10 and to limit backflow of fuel from the anode chamber to the fuel delivery cartridge. 

Correspondingly, in a fuel delivery cartridge 4, a fuel delivery component 50 is a 

^ material that holds a fuel solution and, when it contacts the anodic fiiel receptor 46 of the 

%? ? 

O anode portion of the fuel cell, fuel is delivered into the cell. More specifically, the fuel 

lp 

j2 delivery component 50 is comprised substantially of a material that possesses properties 

! y is that allow fuel to be transported towards the anodic fuel receptor 46. While not limiting 



20 polymer, or other traditional foam, or it may be a conductive material to which a process 
or second material is applied which creates an electronically conductive, porous, high 
capillarity material such as a felted metal. 

In addition, it is noted that the fuel delivery component 50 is not necessarily com- 
prised of the same material as the anodic fuel receptor 46. Indeed, it may be desirable for 
25 performance or manufacturing purposes to have one material, such as a more expensive 
metallized foam, in the anode chamber of the fuel cell, and another material, such as a 
less expensive urethane foam for the cartridge/delivery component. Thus, the two com- 
ponents may each be comprised of the types of materials described herein, but they are 
not necessarily comprised of the same materials. 




to the invention, the material may be a substantially hydrophilic, methanol resistant mate- 
rial such as a foam that transports fuel solution into the anode chamber as needed as it is 
consumed. In accordance with one aspect of the invention, the material may be polyure- 
thane or a metallized polyurethne foam or other foam substance, such as an expandable 
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The anode chamber 1 8, as illustrated in Fig. 2, includes diffusion layer 40 and the 
anodic fuel receptor 46. Sandwiched between the diffusion layer 40 and the anodic fuel 
receptor 46 is an anode wire mesh 52. The anode wire mesh collector is applied to the 
foam to provide a path for the electrons that are produced as part of the anodic reaction 
when the fuel strikes contact points on the membrane and reacts to form carbon dioxide, 
electrons and protons. The protons pass through the MEA 6, and the electrons travel 
along the conductive wire mesh backing to the applied load (not shown in Fig. 2). To aid 
in this collection of electrons, the foam itself may be conductive in order to increase the 
surface area available for electron collection. 

When assembled, as illustrated in Fig. 2, the interface 48 between the fuel car- 
tridge 4 and fuel cell 3, provides a seal to avoid evaporative losses, or leakage losses, and 
the interface 48, is small in order to limit any potential "backflow", but adequate to sup- 
ply the fuel cell with sufficient fuel under high load conditions Moreover, carbon dioxide 
is removed from the anode chamber 18 through the anodic fuel receptor 46. The material 
selected for the anode receptor component has properties that allow gas permeability. 
Thus, liquid fuel remains within the receptor and travels ultimately to the active electrode 
area of the cell, while carbon dioxide gas generated in the anodic reaction is drawn away 
from the anode surface of the membrane through the anode receptor. The carbon dioxide 
is then removed by venting it into the system environment or atmosphere, through the 
vent 53 (Fig. 1). 

More specifically, the anodic fuel receptor is preferably in physical contact with 
anode diffusion of the PCM 7. the anodic fuel receptor allows anodically generated car- 
bon dioxide gas to travel away from the anode surface, and is then vented to the ambient 
environment, typically by a vent 53 in the anode chamber 18 (Fig. 2). 

However, those skilled in the art will also recognize that the vent 53 will not only 
allow carbon dioxide to be released, but may allow atmospheric oxygen to enter into the 
anode compartment of the fuel cell. If excess oxygen does enter the anode chamber, it 
may adversely affect the performance of the DMFC and the DMFC system. Neverthe- 
less, this problem may be addressed by utilizing a gas selective material for the vent, such 
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as a membrane, tube, or other structure, fabricated from Teflon AF ® available from 
Biogeneral Inc. which preferentially allows carbon dioxide, but significantly less oxygen, 
to pass through it, thus limiting the amount of oxygen being introduced to the system 
while still allowing carbon dioxide to be removed from the system. It may further be 
possible to cause the carbon dioxide to travel to the ambient environment via a tortuous 
path once it has been eliminated from the fuel cell, thus creating a "blanket" of carbon 
dioxide that will substantially prevent oxygen from passing into the anode chamber. The 
formation of a "blanket" of carbon dioxide is further assisted by the fact that a higher 
partial C02 pressure inside the anode chamber than the atmospheric pressure drives the 
C02 flux leaving the anode chamber. Other methods, including the use of valves and 
other mechanical apparatus may also be used to limit the flow of oxygen into the anode 
chamber. 

Carbon dioxide could, alternatively, be re-directed to the cathode chamber. One 
method of accomplishing this is described in commonly owned, co-pending, provisional 
United States Patent Application Serial Number: 60/250,592, entitled FUEL CELL 
SYSTEM WITH INTEGRATED GAS SEPARATION, filed on November 30, 2000. 

Fig. 2 illustrates the MEA 6, the anode diffusion layer 40, the wire mesh 52 and 
anodic fuel receptor 46 in such a manner that the anode diffusion layer 40 appears to have 
the same depth dimension as the anodic fuel receptor 46. This is for purposes of clarity 
of illustration, it is more likely that the anode diffusion layer (which may be a combina- 
tion of carbon paper or carbon cloth) is much thinner than the foam. It is within the 
scope of this invention that the foam could perhaps fill the entire anode chamber and may 
be in intimate contact with the membrane, thus making the use of a traditional diffusion 
layer unnecessary in certain applications. 

It is preferable to control the flow of fuel solution from the fuel cartridge 4 to the 
fuel cell 3. For example, it may be desirable to reduce or terminate the power to the de- 
vice being operated by the fuel cell in which case, the fuel flow from the cartridge to the 
cell is to be partially interrupted to slow down the fuel flow, or completely interrupted in 
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order to turn the device off. In accordance with one aspect of the invention, the contact 
between the fuel cartridge component and the anode fuel receptor is broken. 

For example, the cartridge 4 can be physically separated from the fuel cell, as il- 
lustrated by the gap 60 of Fig. 3. Alternatively, contact between the components 46 and 
50 can be broken by a physical means that interrupts the contact between the fuel deliv- 
ery component 50 and the anodic fuel receptor 46. More specifically, in accordance with 
another aspect of the invention, a heat sensitive mechanism may be employed to control 
or cease the flow of fuel from the fuel delivery cartridge 50 to the anodic fuel receptor 46. 
A shape memory alloy (SMA) may be used as the mechanism. In accordance with one 
embodiment of the invention, the SMA available commercially as nitinol is used for this 
purpose. Nitinol is an acronym for nickel titanium alloy, and is supplied commercially 
by NDC of Fremont, California. Nitinol exhibits unique behavior including that of 
"shape memory" and "superelasticity." Other substances that exhibit similar properties, 
such as polymers that have superelasticity and shape memory, may also be employed. 

As illustrated in Figs. 4A and 4B, the nitinol springs (in this case, leaf springs) 
64a and 64b are placed along the fuel flow path 65 formed by the connection between the 
fuel delivery cartridge 50 and the anodic fuel receptor 46. As noted herein, if the con- 
nection 56 between the fuel delivery cartridge 50 and the anodic fuel receptor 46 is bro- 
ken, then the flow of fuel is interrupted as desired. In order to break this connection, the 
nitinol springs 64a and 64b are deformed to break the connection and interrupt the flow 
of fuel. 

More specifically, and by way of background, the SMA has a first shape at ambi- 
ent temperatures, but at a higher, threshold temperature, the SMA takes on a deformed, or 
austenite shape. In the present case, when the fuel cell is connected to an electrical load, 
and electricity is produced, the fuel cell begins generate heat as a result of the chemical 
reactions within the cell. At a threshold temperature, each nitinol spring, 64a and 64b, 
deforms to its austenite shape, as illustrated in Fig. 4B, as deformed strips 66a and 66b, 
respectively, thus breaking the contact between the fuel delivery cartridge 50 and the 
anodic receptor component 46. 

13 



\\CHEETAH\VOLl\CLIENTS\107\044\0015\PROSECUT\patapp3.1.doc 02/27/02 5:35 PM 



PATENT 
107044-0015 

The change in shape of the nitinol springs may also be controlled when an electric 
current is passed through the springs 64a and 64a, thus heating each of the springs. This 
may allow greater control of when the shape change occurs. Depending upon the design 
of the fuel cell, the actuation of the SMA spring can be custom tailored to be triggered by 
temperature, or by passing a current through the nitinol when certain conditions occur in 
order to limit the fuel supply. Specifically, the spring may be designed such that upon 
activation, fuel is slowed to a predetermined point, or is completely shut off. 

Although the present invention is shown and described using two SMA springs, a 
single SMA spring may be easily designed to perform the intended valve/switch function. 

In the present invention, a nitinol spring 64 is placed along the fuel flow path 65 
between fuel delivery component 50 and anodic fuel receptor 46. The nitinol strip is in a 
relaxed position when fuel is flowing along fuel path 65. However, it is desired to inter- 
rupt the flow of fuel across path 65, the nitinol strip is deformed, by an external applied 
electric current (not shown), as illustrated in phantom as component 66 in Fig. 3A. When 
the current is stopped, the nitinol spring 64 resumes original shape that allows fuel to be 
transported along the fuel flow path 65, as shown in Fig. 3. A nitinol mesh 70 may also 
be embedded into the anodic fuel receptor 46 to aid in the fuel control mechanism. It is 
preferable to coat or adequately protect the nitinol strip with a polymer or otherwise iso- 
late the strip from the fuel reactants to avoid a reaction with the chemicals in the cell. 

It is preferable mat the anode fuel receptor 46 is small enough that the volume of 
fuel it carries allows for continuous operation of the cell, yet for a quick discontinuance 
of operation should the fuel flow from the fuel source be stopped, or slowed, by the inter- 
ruption mechanisms just described. 

Referring now to Fig. 5A and 5B, a safety feature, in which fuel flow is halted 
when the cartridge is separated from the cell will be described. In Figs. 5A and 5B, the 
fuel delivery component 50 as illustrated in the fuel cartridge 4, is larger for purposes of 
clarity of illustration that it would typically be in most practical applications. It is prefer- 
able that the fuel delivery component 50 will be as small as practical to allow a larger 
amount of liquid fuel solution to be stored in the cartridge 4. In this embodiment, its size 
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is almost the same as cartridge 4. This allows for some free fluid in the cartridge. A 
duckbill mechanism 55 is located where the anode component will be inserted (Fig. 5B). 
When the fuel cell is to be activated, the anode component is plugged into the duckbill 
mechanism 55, and the flow of fuel commences. When it is removed, fuel does not leak 
out of either the fuel cartridge 4, or the fuel cell 3. 

One skilled in the art will recognize that there are a variety of other ways in which 
to achieve this objective, including, but not limited to including a device for automati- 
cally stopping fuel from escaping from the fuel delivery cartridge into the ambient envi- 
ronment, when the cartridge is disconnected or physically separated from the fuel cell, or 
fuel cell system. 

As illustrated in Fig. 6, the fuel delivery component 50is sealed for initial ship- 
ment prior to being inserted into the fuel cartridge 4. The fuel delivery component 50is 
sealed off by a piece of Kapton tape 80, or other suitable, non-permeable tape is placed 
over an exposed portion of the fuel delivery component 50 and may be removed from this 
before it is placed in the fuel cartridge or in contact with anodic fuel receptor 46, in order 
to begin the flow of fuel into the fuel cell. 

The cathode side of the fuel cell may also include a wicking or foam-based com- 
ponent or similar material. This is illustrated in Fig. 7, in which the cathode chamber 20 
of the fuel cell 3 includes a wicking component 90 which may be employed to draw wa- 
ter away from the cathode face 10 of the MEA 6, while allowing oxygen to come in con- 
tact with the membrane. Conductivity may also be increased using the cathode wire 
mesh 92, as illustrated in Fig. 7. 

This invention may be readily adaptable for use with a plurality of fuel cells that 
are in physical communication with one another including, but not limited to, a bipolar 
stack configuration of direct oxidation fuel cells which are connected together as a single 
power supply unit. This is illustrated in Fig. 8 in which a single power supply unit 800 is 
comprised of a plurality of individual cells 802, 804. As will be understood by those 
skilled in the art, the stack may comprise more than two cells, and may include many 
cells, while remaining within the scope of the present invention. As illustrated in Fig. 8, 
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multiple "arms" 820 and 824 are disposed between cells, which communicate with anode 
receptors 826, 828 in the anode chambers of each cell (respectively) in the stack 800. 
These arms 820, 824 are coupled to a fuel source and they thus deliver fuel to the anodic 
receptors of the cells, 826, 828, in the same or a similar manner that the fuel delivery 
component 50 of Fig. 1 delivers fuel to the anodic receptor 46 of Fig. 1. Each of the arms 
820, 824 may be a branch off of a single trunk, or may be a discrete component in com- 
munication with the fuel delivery component, or fuel source. The cells in the stack are 
electrically connected to the load by an electrically conductive connector that couples the 
load to the anode collector plate 830 of the first cell 802 and the cathode collector plate 
832 of the final cell 804 in the stack 800. It is also noted that the anodic receptor compo- 
nents in each cell need not be comprised of a conductive foam as long as there are suffi- 
cient electrical connections between each of the bipolar plates and the fuel cells to create 
the desired voltage within the stack 800. 

Also, in accordance with another embodiment of the invention, a refillable unit 
may be desirable in certain applications. As illustrated in Fig. 9, a direct oxidation fuel 
cell system 900 is encapsulated in a housing 902, and it includes a fuel cell 903 and a fuel 
storage and delivery container 904. The fuel cell contains an MEA 906, the anode cham- 
ber 918, and the cathode chamber 920. Disposed within the anode chamber 918 is an 
anodic fuel receptor component 946, which is comprised of materials set forth herein. 
This anodic fuel receptor 946 transports fuel towards the MEA 906. Fuel is delivered to 
the anodic fuel receptor 946, as it is consumed, by a corresponding fuel delivery compo- 
nent 950 disposed in the fuel storage and delivery container 904 which is contained 
within the housing 902. In order to fill the fuel storage and delivery container 904 with 
fuel solution, or to re-fill it, methanol, or an aqueous methanol solution) can be intro- 
duced into the system 900 via the opening 906 in the housing 902, which in turn commu- 
nicates with the port 962 in the fuel delivery component 950, in order to "wet" the fuel 
delivery component 904either to saturation or on a metered basis. After the fuel is con- 
sumed, more fuel can be added to the fuel storage and delivery container, when desired. 

It should be understood that the present invention provides a simplified fuel de- 
livery scheme that allows for only that fuel which is consumed to be delivered to the fuel 
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cell. This results in more efficient fuel delivery and less waste of fuel including less fuel 
crossing over the membrane. In addition, carbon dioxide is vented. Thus, a more effi- 
cient simpler fuel cell includes lower parasitic losses and is less expensive for mass 
manufacturing. Thus, it should be understood that the improved fuel cell and fuel car- 
tridge of the present invention for use with a direct oxidation fuel cell system provides 
many advantages. 

The foregoing description has been directed to specific embodiments of the in- 
vention. It will be apparent however that other variations and other modifications may be 
made to the described embodiments with the attainment of some or all of the advantages 
of such therefore, it is the object of the appended claims to cover all such variations and 
modifications as come within the true spirit and scope of the invention. 

What is claimed is: 
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